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SECTION 1 


GENERAL INFORMATION 


This service manual contains information required for acceptance 
inspection, periodical inspection, performance test and calibration of 


TYPE AH-5403 RADIO TELEPHONE TESTER. 


1.2 GENERAL 

The performance test, calibration and maintenance of this appara- 
tus requires many measuring instruments of various types just as it is 
So when radio equipment is to be adjusted and tested. This service 
manual describes calibrations for only the performances involved in 
normal use of this apparatus. 

ТЕ is recommended that this apparatus be calibrated at least once 
a year, preferably every six months, in order to keep the apparatus in 


good operable condition. For repair, contact your local dealer. 


1.3 SPECIFICATIONS 


ne specifications and performance characteristics of this appara- 


tus are snown in Table 1-1. 


Табје 1-1 


Item 


(1) Overall characteristic 


(2) 


(3) 


_ 


RF input-output 
impedance 


Frequency range 


Stability of frequency 
standard 


RF signal generator 


Output 


Output level accuracy 
Spurious 


S dee 
FM ranges 


Deviation meter indica- 
tion accuracy 


Internal modulation 
frequency 


External modulation 
input levei 


Modulation distortion 


Signal-to-noise ratio 


RF wattmeter 


Maximum measuring 
limit 


Minimum measuring 
limit 


Scale ranges 


Scale indication 
accuracy 


Specifications 


Specification /characteristic 


50 2 unbalanced, VSWR 1.1 or less 


25 to 520 MHz synthesizer method 


100 Hz steps (by use of digital 
switches) 


Within +0.1 x 10-8 


-10 го +80 dBu (0 dBu = 1 pV open- 
circuit voltage) 

10 dB steps and +1 to -10 ав 
continuously variable 

Within #2 dB (at 0 dBu output 
level) 

Harmonic -30 dB or less 

Non harmonic -40 dB or less 


T 


0 to £1/25/216/220 kHz/full scale | 


5 
Within 5104 of full scale 


modulation is possible) 


1 V rms or less (220 kHz dev.) 


os = 


4 or less (53.5 kHz dev., 
demodulation band 400 Hz to 3 kHz) 


42 dB or more 
(23.5 kHz dev., demodulation band 
400 Hz to 3 kHz) 


25 W (continuous) 
30 W (one-minute measurement at 
five-minute intervals) 


100 ту 


0 to 1.5/7.5/15/30 W/full scale 
Linear watt indication 


Within 5107 of full scale 


| 

| 

| 

| | 
1 kHz and 50 to 2999 Hz (system 
| 

| 

| 

| 

| 

| 

| 


(4) 


Table 1-1 


FM linear detector 


Deviation ranges 


Deviation meter indi- 
cation accuracy 


Deviation meter indi- 
cation method 


Demodulation freauency 
ranges 


Distortion 


Signal-to-noise ratio 


(5) 


(6) 


Frequency counter 


Frequency range 
Freguency accuracy 


Input impedance 


Input level sensitivity 


Specifications (Cont'd) 


Specification/characteristic 


0 to #1/+5/+10/+20 kHz/full scale 


t] kHz/full scale ranges are for 
measuring CTCSS tone signal devi- 
ation. 


Demodulation band is 30 Hz to 
500 Hz. 


Within +10% of full scale 
Peak detection (peak to peak/2) 
30 Hz to 3 kHz and 400 Hz to 3 kHz 


1% or less 


(43.5 kHz dev., demodulation band 
400 Hz to 3 kHz) 


42 dB or more 


(43.5 kHz dev., demodulation band 
400 Hz to 3 kHz) 


10 Hz to 520 MHz 
Within £(0.1 x 1078 + 1 count) 


1 № unbalanced 10 Hz to 50 MHz range 
50 9 unbalanced 50 to 520 MHz range 


20 mV rms or less 


AF signal output 


Frequency 


Output impedance 


Output 


Distortion 


l kHz, 50 to 2999 Hz, external 
Matching 600 Q load, unbalanced 
Usable for 40 Q load 

-50 dBm 


From within +52} dBm to 


or Less 
(into 600 2 resistive load) 


0.3% or less (1 kHz or external) 
1% or less (50 to 2999 Hz) 


Аа 
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Table 1-1 Specifications (Cont'd) 


(7) AF level meter and dis- 
tortion meter 


(AF level meter) 


Level measuring 30 Hz to 10 kHz 

frequency range 

Input impedances 600 Я and 100 КО 

Scale ranges +20 to -50 dBm (600 Q)/full scale 
8 ranges M 


Scale accuracy Within +1 dB 


(Distortion meter) 


Distortion measuring 1 kHz +10 Hz 
frequency : 


Fundamental wave 50 dB or more 


elimination rate 


Scale ranges 0 to -40 dB/full scale } Five 
100 to 1%/full scale ranges 


(With +10 and +20 dB ATTs for 
input level of 1 У or more) 


Scale accuracy Within #10% or full scale 


(8) АЕ oscillator 


Frequency range 50.0 to 299.9 Hz, synthesized in 


0.1 Hz steps 
50 to 2999 Hz, synthesized in 
l Hz steps 
Output impedance Matching 600 0 load, unbalanced 
Output From within +5+1 dBm to -30 dBm 
or less 


(into 600 Я resistive load) 


“Distortion 1% or less 


(9) Monitor output 


Output Approx. 0.8 V rms on the full scale 


of AF level meter 


(into 10 kQ resistive load) 


Voice monitor Output terminal for external speaker 


provided on the rear panel. 
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Table 1-1 Specifications (Cont'd) 


Item Specification/characteristic 


(10) Others 


+5 to +35°C 


Operating termperature 
range 


Power requirements 90 to 132 V, or 198 to 264 V AC, 
48 to 63 Hz 


Approx. 80 VA 


Dimensions Approx. 222 (H) x 425 (W) x 350 (D) 
mm, without cover 


Approx. 222 (H) x 425 (W) x 390 (D) 
mm, with cover 


Weight Approx. 20 kg 


SECTION 2 


OUTLINE OF OPERATION 


2.1 INTRODUCTION 


This section outlines the operation of this apparatus. 


2.2 OUTLINE OF OPERATION 
A functional diagram of this apparatus is shown in Fig. 2-1. 
The apparatus consists of the following: 
1. Switch unit 
2. RF wattmeter 
3. Reference signal generator 
4. Synthesized FM signal generator 
5. FM linear detector 
6. AF oscillator 
7. Level meter, distortion meter, and monitor 
8. Frequency counter 


9. Power supplies 


2.2.1 Switch Unit 
This unit is used for switching among test items. Not only RF 
signal connections, but also AF signal connections can be switched in 
this unit. When a test item is determined through switching in this 
unit, the apparatus is automatically set up for the test. 
For the switching of RF signal connections, three relays designed 
for high frequency circuit are used, so that a good frequency response, 


isolation characteristic and VSWR characteristic are obtained. 


” 


Fig. 2-1 Functional diagram 
(RF OUTPUT ( -4 0dB) ). 
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Also, а 25-М, 15-аВ fixed-resistance attenuator is incorporated 


to protect the circuit from damage attributable to high power. 


2.2.2 RF Wattmeter 


The RF wattmeter measures the transmission power of the radio 
equipment under test in the range of 100 mW to 30 W. In order to 
realize a linear watt scale, the input level of the detector is kept 
low and N-channel junction type field-effect transistors are incorpo- 
rated in the detector. Since the detection output level is low, an 
amplifier is required for meter operation. To avoid the problem of 
temperature drifting to be taken into consideration when a DC amplifier 
is used, this RF power wattmeter uses a chopper incorporating FETs and 
an AC amplifier. A block diagram of the RF wattmeter is shown in 


Fig. 2-2. 


FETs Detector 


/ FETs chopper AC AMP FETs chopper 
25 to 520 MHz 


Fig. 2-2 Block diagram of RF wattmeter 
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2.2.3 Reference Signal Generator 
The reference signal generator is an oscillator unit to generate 
the reference signal for the synthesized FM signal generator, the AF 
oscillator and frequency counter. It is a high-accuracy crystal oscil- 
lator kept in a thermostatic oven. The 1 kHz AF test signal is also 
generated by frequency-dividing the reference signal generated by this 


oscillator. 


STD XTAL OSC 


1 kHz 
100 kHz 
200 kHz 


1 MHz 


10 MHz 


Fig. 2-3 Block diagram of reference signal generator 


2.2.4 Synthesized FM Signal Generator 


The synthesized FM signal generator that is at the heart of this 


apparatus is a standard FM signal generator which employs the synthesizer 


method making use of a PLL (Phase Locked Loop). This apparatus in- 
corporates five VCOs (Voltage Controlled Oscillators). The PLL locks 
their outputs in relation to the reference signal discussed in 2.2.3 
for frequency stabilization. 

Their oscillations are variable in 100-Hz steps to range from 
25 to 520 MHz. The output frequencies of VCOs are synthesized and the 
signal obtained by synthesis is sent to the level control circuit in- 
corporating PIN diodes for stabilization. Next, the theory of frequency 


control will be briefly discussed. 


2-& 


/& 


This apparatus uses digital signals for frequency variation in 
two ways. Іп one way, the reference frequency is divided by use of a 
programmable frequency divider and the divided frequency is controlled 
by means of digital signals for frequency variation. In the other way, 
the VCO frequency is varied by using the analog signal (d.c. voltage) 
obtained by processing digital signals through a D/A converter. 

This apparatus uses the former method for frequency setting on 
the positions of hundreds Hz to tens MHz, and the latter method on the 


position of hundreds MHz. 


The theory of each method is described in the following: 


(1) Frequency variation utilizing programmable frequency divider 
The theory of frequency variation utilizing a programmable 

frequency-divider is illustrated in Fig. 2-4. The VCO, pro- 

grammable frequency divider, phase detector and the low pass 


filter shown in Fig. 2-4 form a phase synchronizing loop. 


Reference Phase Low pass 
oscillator . detector filter 


Programmable frequency divider 


Frequency control 


Fig. 2-4 Frequency variation utilizing programmable 
frequency divider 
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When the phase is locked to the reference frequency fr, 


the oscillation frequency fo of VCO is expressed as follows: 


fo = №. Ег 


where N = factor applied for frequency division Бу 


programmable frequency divider 
As expressed above, the frequency of the output signal 
equals N times the reference frequency fr and, therefore, 


changing the value of N varies the output signal frequency. 


(2) Frequency variation utillizing D/A converter 


Reference Harmonic Phase Low pass 
oscillator generator detector filter 


O 
Frequency control 


Fig. 2-5 Frequency variation utilizing D/A converter 


The VCO, PD and LPF shown in Fig. 2-5 form a phase synchro- 
nizing loop. The harmonic generator generates a harmonic signal 
of frequency equal to (2, 3, 4, ..... M) times the reference 
frequency and the harmonic signal generated is sent to the PD. 

When the oscillation frequency fo of VCO nears an integer 


times the reference frequency, the phase is locked by the phase 


кә 
| 
о 


#6 


synchronizing loop. ТЕ is therefore possible to obtain a desired 


frequency equal to an integer times the reference frequency fr by 


applying a proper d.c. voltage to the VCO to make its oscillation 
frequency fo near the desired frequency equal to an integer times 
| the reference frequency. 

Processing the d.c. voltage through the D/A converter makes 
frequency control by use of digital signals possible. 

The circuit structure of the synthesized FM signal generator 


of this apparatus is shown in Fig. 2-6. 


| == 800«600.0001MHz | | | | M 

F(s) | — MIX 224—025 to 520 
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l= | 
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3.1000% 100MHz 
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О Е control МН2 
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| 31.000~30. 001МН2 100kHz 
F(s) 1/10 | БЕ 1/40 
= |н 2.5МН2 


| 001 
МОР Ё control 
Мы 10kHz 
lkHz А 
100Hz 


Fig. 2-6 Circuit structure of synthesized FM signal generator 
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2.2.5 ЕМ Linear Detector 


The FM linear detector measures the modulation characteristic 


of a transmitter. Its circuit structure is shown in Fig. 2-7. 


265 ms 


ТА =] Lim- MONO Жы 
xX 
o—[ Hs H X | С-ны ша р> 


ДЕ = 1 MHz 

LOCAL INPUT О a 
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Ер = 30 kHz +1/+5/+10/+20 kHz fp = 3.6 kHz To the AF 

LP ~ =] [Fr [x Range = plevel and 

mu ш ters 1 ме mdi Kad distortion 

meters 
Deviation 


Peak 
(2 Det 


Fig. 2-7 Circuit structure of FM linear detector 


The local oscillator uses the RF signal generator described in 
2.2.4 by shifting the setting by the IF frequency (1 MHz). 

The setting is automatically done just by placing the test item selec- 
tion switch at [TRANSMITTER TEST]. 

An input difference of up to about 25 dB (100 mW to 30 W) is 
possible depending on the radio equipment under test. The amplitude 
of the IF signal is therefore kept constant by means of the AGC in 
order to stabilize the characteristic. 

A pulse count system making use of a monostable multivibrator 
is employed for the FM detector circuit in order to realize adjust- 


ment-free operation. 


/? 


The deviation meter circuit incorporates a peak detector 
circuit and displays the value of P-P/2. so that deviation of the 
distorted waveforms generated by the IDC circuit can also be accura- 


tely measured. 


2.2.6 AF Oscillator 
The AF oscillator incorporating a synthesizer system which 
contains a PLL generates AF signals ranging in frequency from 50 to 


2999 Hz. Its circuit structure is shown in Fig. 2-8. 


Triangular wave 
generator 


96 го“ 
959. 68kHz 


2300Hz 
Programmable È 


o50Hz to 


«3008z 2999Н2 


N=500 to 2999 


f control 


Fig. 2-8 Circuit structure of AF oscillator 


2.2.7 Level Meter, Distortion Meter, and Monitor 
The level meter, the distortion meter and the monitor are 
used to measure the modulation and demodulation characteristics of trans- 
mitters and receivers. Voice monitoring is iso posible. The circuit 


structure of the meters and monitor is shown in Fig. 2-9. 


AF INPUT O 


From FM linear detector +20/+10/0/-10/-20/-30/-40/-50ав 


Level meter prre is See 
0/10/20aB / / 5 


6000 


AF level 
Monitor 


Ext speaker 


Fig. 2-9 Circuit structure of level meter, distortion 
meter, and monitor 


Connection switching is automatically made for the measuring 
of the absolute AF level value or distortion, or for the relative-level 
` » 


setting for measuring the S/N ratio depending on the setting of the test 


item selection switch of this apparatus. 


-2.8 Frequency Counter 
The frequency counter is used for testing or adjusting the trans- 
mission frequency or CTCSS tone frequency of a transmitter and the local 


oscillation frequency of a receiver. 


.2.9 Power Supplies 
This apparatus obtains three power supplies, +5 V, +12 V and 


-12 У DC, from specified commercial AC power supply by using a three- 


terminal regulator. 


SECTION 3 


PERFORMANCE TEST 


3.1 INTRODUCTION 


| 
| 


This section describes how to conduct the performance test оп 
this apparatus to verify that the apparatus is in normal condition satis- 

| fying the specifications. 

Periodical inspection and proper maintenance not only support the 
reliability of data obtained from this apparatus but contribute toward 
keeping the apparatus operable for long. It is desirable to inspect this 
apparatus at least once a year, preferably every six months, conforming 
to the instructions given in this section. 

If, as a result of the performance test conducted as described in 
this section, the apparatus is found short of the performance specifica-.. 
tions, readjust it conforming to the instructions given in SECTION 4 


"CALIBRATION." If the specific readjustment to be made is not covered by 
~ 


SECTION 4 (the test names marked with * in this section concern perfor- 


mances which are not covered by SECTION 4), contact your local dealer. 


3.2 INSTRUMENTS REQUIRED FOR PERFORMANCE TEST AND CALIBRATION 
The performance test is to be conducted for the purpose of veri- 
fying that the apparatus is in normal condition satisfying the specifica- 
tions. To conduct the performance test, the necessary testing instruments 
must be prepared and they must be correctly connected to the apparatus. 


The required testing instruments and performances are listed in Table 3-1. 


| 
| 
| 


Besides at maintenance time, the performance.test is to be conduc- 
ted also when the apparatus is delivered and after it is reparied. 


In the performance test, the frequency stability test as described 


= 


in 3.3.1.1 is to be conducted first. The other tests may be 


any order. Note that a widely fluctuating power supply, major noise inter- 


ference, external noise and vibration must be avoided for the performance 


test. 


instrument 


Frequency counter 


Field strength 
meter ` 


Spectrum analyzer 


Table 3-1 


Performance 


Frequency range 
Resolution 
Stability 


Input sensitivity 


Frequency range 
input impedance 


Measuring range 


Frequency tange 
Input impedance 
Measuring range 


Resolution 


ЕМ linear 
detector 


Distortion 
meter 


Frequency range 


Frequency devia- 
tion 


Demodulation band 


Demodulation 
distortion 


S/N 


Frequency range 


Level measuring 
range 


Distortion 
measuring range 


requirement 


10 Hz to 520 MHz 


0.1 Hz 


0.05 x 10-7? or more 


10 mV or less 


5 to 520 MHz 


-10 dBu 
= 1 ну) 


conducted in 


to 1700 MHz 
И 
-110 to +20 dBm 
100 Hz 


25 to 520 MHz 


0 to +20 kHz 


30 Hz to 3 kHz 
400 Hz to 3 kHz 


0.3% or less 


50 dB or more 


30 Hz to 20 kHz 


1 mV to 10 V/ 
full scale 


0.18 to 1007 


ы) 


Instrument 


Low frequency 
oscillator 


RF amplifier 


‘Low frequency 
level meter 


RF power SG or 
radio equipment 


| ВЕ wattmeter 


ЕМ signal 
| generator 


a 


High frequency 
level meter 


Table 3-1 


(Cont'd) 


Performance requirement 


Frequency range 
Output impedance 
Output voltage 


Distortion rate 


Frequency range 
Input level 
Voltage gain 
Maximum output 
level 

Frequency range 
Measuring range 
Input impedance 
Measuring error 


Level frequency 
response 


Frequency range 


Output impedance 


Output power 


Frequency range 
Input impedance 
Measuring range 


Accuracy 


Frequency range 
Output impedance 


Output level 


Modulation 


S/N 


Frequency range 
Measuring range 


Impedance 


30 Hz to 10 kHz 
600 2 

l mV озу 
0.1% or less 


25 to 520 MHz 
80 ави 
About 20 dB 


110 аву 


30 Hz to 20 kHz 
1 mV to 10 V 
100 КО or more 


5% or less 


0.1 dB or less 


25 to 520 MHz 
50 8 
100 mW to 30 W 


25 to 520 MHz 
50 Q 
0.1 to 30 W 


+17 от 1е55 


25 to 520 MHz 
50 9 


133 dBu(+20 dBm) 
or more 


FM max 20 kHz 


50 dB or more 


(for 3.5 kHx devia- 


tion) 


1 to 520 MHz 


-40 to +20 dBm 
50 Я 


28. 


Table 3-1 (Cont'd) 


Instrument | Performance requirement | Remark 


VSWR bridge 


Frequency range 25 to 520 MHz | 


Impedance 50 2 


Return loss mea- 
suring range 40 dB or more 


| 
| 
Oscilloscope Frequency range DC to 50 MHz 
Sensitivity 10 mV/DIV 


Standard Frequency range: 25 to 520 MHz 
resistance | 

Attenuation 90 dB or more 
attenuator 


(in 0.1 dB steps) 


| Impedance 50 2 


3.3 PERFORMANCE TEST 
3.3.1 Overall Performance 
3.3.1.1 Frequency accuracy test 


Specification: *0.1 x 107° 


MeMO FIA bee paap nated [Tce пупа 


aia 


о 6 б 006. 
[22] o o o [080970009 
ena 0009 


ООо > оо 


Frequency 


Fig. 3-1 Frequency accuracy test 


(1) Connect a frequency counter to the [RF INPUT/OUTPUT 50 2 MAX. 
25 W] connector as shown in Fig. 3-1. 


(2) Set the controls of this apparatus as follows: 


Test item [AF INPUT LEVEL] of [RECEIVER TEST] 
[OUTPUT LEVEL dBu] [80] 

dial 

[+1 ~ -10 dBu] [+1 аву] (Output level meter indication) 
[RF FREQUENCY 25 ~ [25.0000] 

520 MHz] 

[MOD SELECT] [OFF] 
Other controls Any position 


(3) Count the frequency with the frequency counter and calculate 


the stability by using the following equation: 


а 


: Where fg = frequency counter reading 
S 


fs = frequency setting 
(4) When the frequency is set to 25 MHz, the counter reading must 
be within the following range: 
24.9999975 MHz to 25.0000025 MHz 


(Allowable error for 25 MHz is 2.5 Hz.) 


Adequately warm up the frequency counter to bring it 


into a stable state beforehand. 
Warm up this apparatus at least for 15 minutes to 


bring it into a stable state beforehand. 


(5) Next, set the [RF FREQUENCY 25 ^ 520 MHz] to [520.0000] and 
count the frequency. For the setting of 520 MHz, the frequency 
counter must give a reading within the following range: 
519.999948 MHz to 520.000052 MHz 


(Allowable error for 520 MHz is 52 Hz.) 


NOTE 
Since the output of this apparatus is +80 dBu(5 mV when 
terminated in 50 2), prepare a high-sensitivity frequency 
counter. 


Also, when using a high frequency amplifier, take 


care not to allow amplifier noise to cause frequency 


counter malfunction. 


3.3.1.2 RF input-output impedance test* 


Specification: 50 2 unbalanced, VSWR 1.1 or less 


mri три рт "Ty DT 


| 


VSWR bridge or 


Signal generator directional coupler 


ШШ| | ај 
9 999005 () O 


Spectrum analyzer 


Fig. 3-2 RF input-output impedance test 


(1) Connect the instruments as shown in Fig. 3-2 

(2) Arbitrarily set the controls of this apparatus. 

(3) By using the VSWR bridge (or directional coupler), read the 1еуе1. .. 
shown by the spectrum analyzer while leaving the VSWR bridge dis- 
connected from this apparatus. Next, connect the VSWR bridge to 
the [RF INPUT/OUTPUT 50 Q МАХ. 25 W] of this apparatus and read 
the level shown by the spectrum analyzer. 

The level difference (dB) between the two readings rep- 


resents the return loss. 


(99) 
1 
- 


(4) Conduct measurement for 25, 250 and 520 MHz. 


NOTE 


(1) When the [RECEIVER TEST] is set as test item, set the 


[RF FREQUENCY 25 'v 520 MHz] to be different from the 


frequency set for measurement so as not to affect 


| 
| 
| 


measurement. 
Set the signal source output level to about 0 dBm (113 


dBu). 


(5) The relationship between thé.return loss and the VSWR can be 


expressed as follows: 


$4] 
Ae = 20 1 
e METUO | 
_ Ае 
TERME 
_ Ае 
Коо 


where 5 = VSWR 
Ae = return loss (dB) 


For example, when Ae is 30 dB, VSWR (S) is: 


_ 30 
О АРУ 
30 1- 0.03 | 
20 


Table 3-2 is a return loss/VSWR conversion table. 


‚ (6) Verify that the return loss is 26.4 dB or more. 


VSWR Return loss 
1.1 or less 26.4 dB or more 
3-8 


МОТЕ 


Use of а tracking generator, which is synchronized with the 


frequency spectrum analyzer, instead of the signal generator 


| makes it possible to measure the characteristic for 25 to 


520 MHz through a single sequence of testing procedures. 


„ә 
| 
хо 


зе 


Table 3-2 Conversion of return loss into VSWR 


Return loss Return loss Return loss 
(dB) (dB) (dB) 
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Table 3-2 Conversion of return loss into VSWR (Cont'd) 


Return loss Return loss Return loss 
VSWR 
- (dB) VSWR (ав) SW (ав) 
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3.3.2 КЕ Signal Generator 


Specification: Within +2 dB at output level of 0 ави 
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Fig. 3-3 Output level accuracy test 


(1) Set the controls of this apparatus as foilows: 
Test item [AF INPUT LEVEL] of [RECEIVER TEST] 
[OUTPUT LEVEL dBu] dial [80] 
[MOD SELECT] [OFF] 
Other controls Апу position 

(2) Bring the output level meter indication to [0 dBu] by turning 
the output level fine adjustment control [+1 v -10 dBu] of 
this apparatus. 

(3) . Connect а RF level meter terminated in 50 Я to the [RF INPUT/ 
OUTPUT 50 2 MAX. 25 W] connector of this apparatus as shown in 


Fig. 


3-3 and measure the output level of the apparatus. 


3-12 


C 
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(4) Conduct measurement for 25, 250 and 520 MHz. 
(5) For the level meter reading of У dBu, output level error d сап 


be calculated by using the equation shown below.. Make sure 


that the calculated error is within +2 dB. 


d (dB) = У - 80 
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Fig. 3-4 Output level accuracy test (for low output levels) 


(6) Next, set the [OUTPUT LEVEL dBu] toggle switch to [60] and read 
the output level. Error d' can be calculated as shown below. 
4' (dB) = у' – 60 
(7) As shown in.Fig. 3-4, connect a spectrum analyzer of field 
strength meter to the [RF INPUT/OUTPUT 50 2 MAX. 25 W] connector 
of this apparatus via a standard resistance attenuator, and 
measure the output accuracy at lower levels by the substituting 


method using the standard resistance attenuator. 


fc 


he 


| 


>и 


(8) 


Set the output level to [60 dBu] by turning the [OUTPUT LEVEL 
dBu] toggle switch to the right side. Set the attenuation of 
the standard resistance attenuator to 62 dB. 

When the output level is lowered by changing the setting of 

the [OUTPUT LEVEL dBu], also change the setting of the standard 
resistance attenuator so as to keep the reading of the spectrum 
analyzer or field strength meter constant. Calculate error à 
for 0 dBu by using the following equation and make sure that 


it is within +2 dB. 


a(dB) = (Change in the setting of the standard resistance 
attenuator) - (Change in the dial setting of this 
apparatus) 


When the [OUTPUT LEVEL dBu] of this apparatus is set 
to 60 dBu, set the standard resistance attenuator to 
62 dB and the level indication of the spectrum analyzer 
or field strength meter to a desired point. 

(2) Next, set the [OUTPUT LEVEL dBu] dial го 50 аву and 


change the setting of the standard resistance attenuator 


to restore the reading of the spectrum analyzer or field 


strength meter obtained in step (1). 


Lower the output level in stages until 0 dBu repeating 


the test for each setting. 


(1) 


(2) 


.2 Spurious test* 


Specification: Spurious signals against fundamental wave 
level Harmonic -30 dB or less 


Non-harmonic  -40 dB or less 
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Fig. 3-5 Spurious test 


Set the controls of this apparatus as follows: 


Test item | [AF INPUT LEVEL] of [RECEIVER TEST] 


[OUTPUT LEVEL dBu] dial [80] 


[+1 ~ 10 дВи| knob 0 dBu (Output level meter indication) 
[MOD SELECT] switch [OFF] 
Other control Апу position 


Connect a spectrum analyzer or selective level meter to the 
(КЕ INPUT/OUTPUT 50 2 MAX. 25 W] connector of this apparatus 
as shown in Fig. 3-5 and measure the difference between the 
fundamental wave level and the spurious level. Make sure 


that the level difference satisfies the specification. 


Carefully check if spurious signals are generated 


inside the spectrum analyzer or selective level meter. 


The non-harmonic spurious signals are specified to 


| 1 


be -40 dB or less for a frequency band of 25 to 
520 MHz. If -40 dB is exceeded, recheck if the 


frequency is within the specified band. 
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3.3.2.3 Frequency deviation meter indication accuracy test 


Specification: Within +107 of full scale 
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Fig. 3-6 Frequency deviation meter indication accuracy test 


(1) Connect an FM linear detector to the [RF INPUT/OUTPUT 50 2 
MAX. 25 W] connector of this apparatus as shown in Fig. 3-4. 
(2) Set zhe controls of this apparatus as follows: 
Test item fAF INPUT LEVEL] of [RECEIVER TEST] 


[OUTPUT LEVEL dBu] dial [80] 


[+1 ~ -10 dBu] knob [0 dBu] (Output level meter indication) 
[MOD SELECT] switch [1 kHz] 
[1 kHz OR EXT] knob Turn fully counterclockwise 


[DEVIATION xHz] switch [2] 


[RF FREQUENCY 25 ~ Set as desired between 25 and 520 MHz 
520 MHz] 
Other controls Any position 
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(3) 


(4) 
(5) 


(6) 


Push the [1 kHz OR EXT] knob of the [MOD RATE] to the [ON] posi- 
tion and bring the meter indication to the desired value by turn- 
ing the knob. Measure the frequency deviation in this state with 
the FM linear detector and calculate the error by using the fol- 


lowing equation: 


‘Test frequency - Мерет indication 


x 100 (7) 
Full scale value 


Error - 


Next, set the [DEVIATION kHz] to [5], .[10] or [20]. 

Bring the meter indication to the desired value by turning the 
[1 kHz OR EXT] knob of the [MOD RATE]. Measure the frequency 

deviation in this state with the FM linear detector and calcu- 
late the error by using the equation shown in (3). 

Conduct the test for each frequency range and verify that the 


error is within +107 of the full scale valus 


20 kHz range 20 kHz 18 kHz to 22 kHz 
10 kHz 8 kHz to 12 kHz 
10 kHz range 10 kHz 9 kHz to 11 kHz 
5 kHz 4 kHz to 6 kHz 
5 kHz range kHz 4.5 kHz to 5.5 kHz 


5 
3.5 kHz 3.0 kHz to 4.0 kHz 
l kHz 0.9 kHz to 1.1 kHz 
0.5 kHz 0.4 kHz to 0.6 kHz 


l kHz range 


3.3.2.4 External modulation input level test* 


Specification: 1 V rms or less at deviation of 20 kHz 
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Fig. 3-7 External modulation input level test 


(1) Connect а AF oscillator to the [EXT AF INPUT] terminal located 
on the rear panel of this apparatus as shown in Fig. 3-7. 
(2) Set the controls of this apparatus as follows: 


Test item [AF INPUT LEVEL] of [RECEIVER TEST] 


3 


[MOD SELECT] switch 
[1 kHz OR EXT] knob 
[DEVIATION kHz] 


[RF FREQUENCY 25 ~ 
520 MHz} 


Other controls 


[EXT] 
Turn fully clockwise. 
[20] 


Set as desired between 25 and 520 MHz. 


Any position 


(3) Set the frequency of the AF oscillator to 1 kHz and bring the 
frequency deviation indication of this apparatus to 20 kHz by 


gradually raising the output level. Check the voltage shown by 


the AF level meter and verify that it does not exceed 1 V rms. 


Zh 


3.3.2.5 ЕМ modulation distortion test* 


Specification: 1% or less for +3.5 kHz deviation 
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Fig. 3-8 FM modulation distortion rate test 


(1) Connect an FM linear detector to the [RF INPUT/OUTPUT 50 9 
25 М] connector of this apparatus as ahown in Fig. 3-8. 
Also, connect a AF oscillator to the [EXT AF INPUT] terminal 
located on the rear panel of the apparatus. 

(2) Set the controls of this apparatus as follows: 

Test item _[AF INPUT LEVEL] of [RECEIVER TEST] 
[OUTPUT LEVEL dBu] dial [80] 


[+] ~ -10 dBu] knob [0 ави] (Output level meter indication) 


[DEVIATION kHz] switch [5] 


[MOD SELECT] switch [EXT] 

[RF FREQUENCY 25 9 Set as desired between 25 and 520 MHz. 
520 MHz] 

Other controls Any position 


(3) Adjust the output level of the AF oscillator and [1 kHz OR EXT] 


knob of this apparatus to bring the frequency deviation to 3.5 kHz. 
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(4) Measure the output signal distortion of the FM linear detector 


with the distortion meter and verify that it is 17 or less. 


the low frequency output band of the FM linear detec- 


to be between 400 Hz and 3 kHz so as to cut the low 


high frequency noise components. 


“2 


3.3.2.6 Signal to noise ratio test* 
Specification: 42 dB or more for a demodulation band of 
400 Hz to 3 kHz and a deviation of +3.5 kHz 
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Fig. 3-9 Signal to noise ratio test 


(1) Connect ап FM linear detector to the [RF INPUT/OUTPUT 50 2 
MAX. 50 2] connector of this apparatus as shown in Fig. 3-9. 
Also, connect an AF oscillator to the [EXT AF INPUT] 
terminal located on the rear panel of the apparatus. 

(2) Set the controls of this apparatus as follows: 

Test item | [AF INPUT LEVEL] of [RECEIVER TEST] 
[OUTPUT LEVEL dBu] dial [80] | 


[+1 ~ -10 dBu] knob [0 dBu] (Output level meter indication) 


[DEVIATION kHz] switch [5] 


[MOD SELECT] switch [EXT] 
[1 kHz OR EXT] knob Place at about the center position. 
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(3) 


(4) 


(5) 


(6) 


{RF FREQUENCY 25 г Set as desired between 25 and 520 MHz. 


520 MHz] 

Other controls Àny position 

Adjust the output level (1 kHz) of the AF oscillator and [1 kHz 
OR EXT] knob of this apparatus to bring the deviation to +3.5 kHz. 
Measure the output level SdB (signal level) of the FM linear 
detector with the AF level meter. 

As the test item, set the [S/N] of the [RECEIVER TEST] on this 
apparatus. Then, read the noise level NdB on the AF level meter. 
The (S - N) dB is the signal to noise ratio. Verify that it is 


42 dB or more. 


Set the low frequency output band of the FM linear 


detector to between 400 Hz and 3 kEz so as to cut 


the low and high frequency noise components. ` 


Setting the [MOD SELECT] switch to [1 kHz] makes it 
possible to perform the test using the 1 kHz signal 
generated in this apparatus without requiring the AF 
oscillator to be connected t 


terminal (rear panel). 


3.3.3 ВЕ Wattmeter 


3.3.3.1 Scale accuracy test 


Specification: Within +10% of full scale for each of four 


ranges, 1.5/7.5/15/30 W 
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Fig. 3-10 Scale accuracy test (RF wattmeter) 


(1) Connect a 25 to 520 MHz RF power SG or radio equipment to the 
(ВЕ INPUT/OUTPUT 500 MAX. 50 9] connector of this apparatus 
as shown in Fig. 3-10. 


(2) Set the controls of this apparatus as follows: 


Test item [AF LEVEL SET] of (TRANSMITTER TEST] 
· [RF POWER W] switch [30] 
Other controls Any position 


(3) Adjust a output level of RF power SG or radio equipment and 
bring the meter indication of this apparatus to the desired RF 


power. 


Then, read the RF power shown оп the meter of the RF wattmeter 


and calculate the error by using the following equation: 


nos Measured value - Meter indication x 100 (Z) 


Full scale value 


(4) Conduct the test for 25, 250 and 520 MHz. 


(5) Conduct the test for all four ranges, 1.5, 7.5, 15 and 30 W. 


(6) The errors allowable for each range are as follows: 


30 W range 


13.5 to 16.5 W 
8.5 to 11.5 W 
6.5 W 


15 W range 
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3.3.4 FM Linear Detector 
3.3.4.1 Frequency deviation meter accuracy test 


Specification: Within +10% of full scale 
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Fig. 3-11 Frequency deviation meter accuracy test 


(1) Connect an FM signal generator to the [RF INPUT/OUTPUT 50 9 
MAX. 25 М] connector of this apparatus as shown in Fig. 3-11. 
(2) Set the controls of this apparatus as follows: 
Test item [AF LEVEL SET] of [TRANSMITTER TEST] 


[DEVIATION kHz] switch [20] 


{LEVEL dBm DISTORTION [100] 
% ав] switch : 
[100% SET] switch [+20 dB] 
[RF FREQUENCY 25 ^% Set as desired between 25 and 520 MHz 
520 MHz] 
Other controls Апу position 
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(3) 


(4) 


Apply a 1 kHz modulation signal to the FM signal generator and 
bring the meter indication of this apparatus to the desired 

frequency deviation. Then, read the frequency deviation shown 
on the meter of the signal generator and calculate the error by 


using the following equation: 


а Е БИ ; 
Errors Measured value Meter indication x 100 (Z) 
Full scale value 


Measure the frequency deviation errors in each range and verify 


that each error is within +10% of the full scale. 


NOTE 
Since the 1 kHz/full scale range is for measuring the CTCSS 


tone signal frequency deviation, its demodulation band is 


set to be 30 Hz to 400 Hz. For correct measurement, always 


set the modulation frequency to 150 Hz. 


10 kHz 


МОТЕ 


То cause the red LED [FM DEMO OPERATION] of the linear 


detector to light, an input level of 100 mW (+20 dBm) or 


more is required. However, normal operation is possible 
with an input level of 1 mW (0 dBm) or more even if the 


red LED is not illuminated. 


NOTE 


The frequency response can be checked by conducting mea- 


surement while varying the modulation frequency. 


3.3.4.2 Demodulation distortion test* 
Specification: 14 or less at a deviation of +3.5 kHz 
(1) Connect an FM signal generator to the [RF INPUT/OUTPUT 50 Q 


MAX. 25 W] connector of this apparatus as shown in Fig. 3-12. 
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Fig. 3-12 Demodulation distortion test 


(2) Set the controls of chis apparatus as follows: 
Test item [AF LEVEL SET] of [TRANSMITTER TEST] 


[DEVIATION kHz] switch [5] 


[АЕ BW] switch | [400 Hz ~ 3 kHz] 
[1004 SET] switch [0 4B] 
[LEVEL dBm DISTORTION · 1100) 
% dB] switch 
[RF FREQUENCY 25 ~ Set as desired between 25 and 520 MHz 
520 MHz] 
Other controls Any position 
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(3) 


(4) 


(5) 


(6) 


Apply а 1 kHz (+10 Hz) modulation signal to the FM signal 
generator and cause frequency modulation with a deviation of 
+3.5 kHz. Set the FR frequency to be the same as the receiving 
frequency of this apparatus. 

After making sure that the deviation meter of this apparatus 
reads 3.5 kHz, bring the level meter indication to the 100% 
full scale point by adjusting the control knob attached to the 
[LEVEL dBm DISTORTION % dB] switch. "X 

Set the [DISTORTION) of the [TRANSMITTER TEST) as test item 
and measure the distortion with the level meter —Ü 
enhancing the sensitivity by turning the [LEVEL dBm DISTORTION 
X dB] switch counterclockwise. 


Verify that the distortion obtained is 12 or less. 


ЕЕ | 


Connecting а distortion meter to the [MONITOR OUTPUT] ter- 
minal located on the rear panel of this apparatus makes it 
possible to measure the distortion by using a modulation 

frequency of other than 1 kHz. In that case, set the con- 


trols to be the same as described in (2). 


NOTE 


To cause the red LED [FM DEMO OPERATION] to light, an input 


level of 100 mW (+20 dBm) or more is required. However, 
normal operation is possible with an input level of 1 mW 


(0 dBm) or more even if the red LED is not illuminated. 
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3.3.4.3 Demodulation signal to noise ratio test* 
Specification: 42 dB or more for a demodulation band of 
400 Hz to 3 kHz and a deviation of +3.5 kHz 
(1) Connect ап FM signal generator to the [RF INPUT/OUTPUT 500 


МАХ. 25 W] connector.of this apparatus as shown in.Fig.-3-13. 
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Fig. 3-13 Demodulation signal to noise ratio test 


(2) Set the controls of this apparatus as follows: 


Test item [АЕ LEVEL ЗЕТ] of [TRANSMITTE 


9 
-3 
td 
U 
=} 


[DEVIATION xHz] switch [5] 


[АЕ ВЫ] switch - [400 Hz ~ 3 kHz] 
{100% SET] switch [0 dB] 
[LEVEL ‘din DISTORTION [100] 
% dB] switch 
[RF FREQUENCY 25 ~ Set as desired between 25 and 520 MHz. 
520 MHz] 
Other controls ány position 
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(3) Apply а 1 kHz (+10 Hz) modulation signal to the FM signal 
generator to cause frequency modulation with a deviation of 
+3.5 kHz. Set the RF frequency to be the same as the receiving 
frequency of this apparatus. 

(4) After making sure that the deviation meter of this apparatus 
reads 3.5 kHz, bring the level meter indication to the 1007 full 
scale point by adjusting the control knob attached to the [LEVEL 
dBm DISTORTION % dB] switch. 

(5) Turn off modulation on the FM signal generator and measure the 
noise level gradually enhancing the sensitivity by turning the 
[LEVEL dBm DISTORTION % dB] switch counterclockwise. 


(6) Verify that the S/N ratio measured is 42 dB or more. 


NOTE 
The test can be conducted also by connecting a AF level 
meter to the [MONITOR OUTPUT] terminal located on the 
rear panel of this apparatus. In that case, the controls 


must be set to be the same as described in (2). 


NOTE 


To cause the red. LED [FM DEMO OPERATION] to light, an input 


level of 100 mW (+20 dBm) or more is required. However, 
normal operation is possible with an input level of 1 mW 


(0 dBm) or more even if the red LED is not illuminated. 
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3.3.5 AF Signal Output 
3.3.5.1 Output frequency test 
Specification: 1 kHz 
of the 


(1) Connect a frequency counter to the AF output terminal 


[TO TRANSCEIVER] mike connector of this apparatus as shown in 


Fig. 3-14. 


|00 0002) oog! 
орос 


6 зе о 9 оос @ | 


Frequency counter 


Fig. 3-14 AF signal output frequency test 


NOTE : The mike connector terminal layout is shown in Fig. 


3-15. 


E Ground 
Press-to-talk S M d 
Ground wire 


AF output | 
Signal 


(Front view) 


р ig. 3-15 Mike соппесгог connections 


i^ 
“з 


(2) 


(3) 


Set the controls of this apparatus as follows: 


Test item 


[MOD SELECT] switch 


[LEVEL] knob of the 
mike connector 


[LEVEL dBm DISTORITON 
% ав] switch 


Other controls 


[AUDIO SENSITIVITY] of 
[TRANSMITTER TEST] 


[1 kHz] 


Pulling the knob, turn it and 
place it at about the center position. 


[410] 


Any position 


Count the AF output frequency with the frequency counter and 


verify that the count is within 1,000 Hz +0.1 Hz. 


3.3.5.2 Output level test* 


Specification: From within *5 *l dBm to -50 dBm or less 


(for 600 2 resistive load) 


Re waa T» pope »- T ака ыж тона 


oo 


A О 696 s 
[sss] [655] о o о 55] Бі 25 


00% о шоо oie Ө 
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AF level meter 


| 


O 


Fig. 3-16 Ток frequency output level test 


(1) Connect an AF level meter terminated in 600 2 to the AF 
output terminal of the [ТО TRANSCEIVER] mike connector of 
this apparatus as shown in Fig. 3-16. For the mike connec- 
tor terminal layout, see Fig. 3-15. 


(2) Set thé controls of this apparatus as follows: 


Test item [AUDIO SENSITIVITY] o£ 
(TRANSMITTER TEST] 
[MOD SELECT] switch (1 kHz] 
[LEVEL dBm DISTORTION [+10] 
4 dB] switch 
Other controls Any position 
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(3) Pulling out the [LEVEL] knob of the mike connector, turn it 
fully clockwise and then measure the output level. Verify 
that the output level is within +5 dBm +1 dBm. 

(4) Next, pushing the LEVEL knob of the mike connector, turn it 
fully counterclockwise and then measure the output level. 


Verify that the output level is -50 dBm or less. 
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.5.3 Output distortion кесе 
Specification: 0.3% or less 
(1) Connect a distortion meter to the AF output terminal of 
the [TO TRANSCEIVER] mike connector of this apparatus as shown 
in Fig. 3-17. The terminal layout of the mike connector is as 
shown in Fig. 3-15. Set the input impedance of the distortion 


meter to 600 ©. 


3 5 57 ВАЗА ақа ОИ МР тя 
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Distortion meter 
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Fig. 3-17 Output distortion test 


(2) Set the controls of this apparatus as follows: 


Test item (AUDIO SENSITIVITY] of 
[TRANSMITTER TEST ] 


Ж 


[MOD SELECT] switch [1 kHz] 

[LEVEL dBm DISTORITON [+10] 

2 dB] switch 

[LEVEL] knob of the Pulling the knob, turn it fully 
mike connector clockwise. (Set the output 


level to the maximum.) 
Other controls Any position 
(3) Measure the distortion with the distortion meter and verify 


that the distortion is 0.3Z or less. 
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3.3.6 AF Level Meter and Distortion Meter 
3.3.6.1 Scale accuracy test 
Specification: Within +1 dB 


| (1) Connect а AF oscillator to the [INPUT] terminal of the [AF LEVEL 


METER] of this apparatus as shown in Fig. 3-18. 


жос 17% deeded nac TG tne TE 


6-0 008 ',,, 


Госое 
OOo а Во 0 о © oon 9 


AF oscillator AF level meter 
О iem © 


Fig. 3-18 Scale accuracy test 


(2) Set the controls of this apparatus as follows: 
Test item (АЕ INPUT LEVEL] of [RECEIVER TEST] 


[AF BW] switch [30 Hz ~ 3 kHz] 


(The frequency range of the AF level 
meter is from 30 Hz to 10 kHz.) 


[AF LEVEL METER] switch [600 2) 


[LEVEL dBm DISTORTION [+20 dBm] 

4 dB] switch 

Other controls Апу position 
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(3) 


Set the AF oscillator to 1 kHz and bring the level meter indi- 
cation of this apparatus to the desired frequency. Іп this 
state, measure the output level of the AF oscillator and verify 


that the scale accuracy is vithin +1 dB. 


NOTE 
The frequency response can be checked by varying the fre- 


quency in the range of 30 Hz to 10 kHz. The range error 


can be checked by varying the level. 
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3.3.6.2 Distortion meter test* 
Specification: Fundamental wave elimination rate is to be 
50 dB or more at 1 kHz +10 Hz. 


(It must be possible to measure a distortion 


gf 05342) 
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AF oscillator 


Fig. 3-19 Distortion meter test 


(1) Connect a AF oscillator to the [INPUT] terminal of the [AF LEVEL 
METER] of this apparatus as shown in Fig. 3-19. 

(2) Set the controls of this apparatus as follows: 
Test item [AF LEVEL SET] of [RECEIVER TEST] 


[AF BW] switch [30 Hz ~ 3 kHz] 


(The frequency range of the AF level 
meter is from 30 Hz to 10 kHz.) 


E LEVEL METER] switch [600 Q0] 


[100% SET] Го ав) 

[LEVEL dBm DISTORTION {100} 

% dB] switch: 

Other controls Any position 
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(3) Set the AF oscillator to 1 kHz +10 Hz and bring the level to 
0 dBm (0.775 У rms). 

(4) Bring the distortion meter indication to the 100% point by 
adjusting the [LEVEL dBm DISTORTION % dB] knob. 

(5) Next, set the [DISTORTION] of the [RECEIVER TEST] as test item 
and the fundamental wave will be eliminated. Then, turn the 
[LEVEL dBm DISTORTION % dB] switch and verify that a distor- 


tion attenuation of -50 dB or less (0.3%) can be measured. 


NOTE 


The distortion of the AF oscillator is to be 0.1 Z 


or less. 
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.3.7 AF Oscillator 
3.3.7.1 Output frequency range test* 
Specification: 50.0 to 299.9 Hz, synthesized in 0.1 Hz steps 


50 to 2999 Hz, synthesized in 1 Hz steps 


[AF OSC nel) [ЕЕ еца па eia 


(хеаг рапе1) ГЕ on ow та 


6.0 oo5l.l. | 
[E] о о Бет О Гаова 


Ооо о BuO 570 пон оц 


Fig..3-20 Output frequency range test 


(1) Connect a frequency counter to the [OUTPUT] connector of che 


(АЕ OSC] located on the rear panel of this apparatus as shown in 


(2) For chis test, the controls of this apparatus may be at any 
positions. 

(3) Place the [LEVEL] knob of che [AF OSC] located on the rear panel 
at about che center position. 

(4) Sec the [AF OSCILLATOR 50 ~ 2999 Hz] to [2999] and the [FREQUENCY 
RANGE] to [xl]. Then, — the frequency with the frequency 
counter and verify that the error is within %0.1 Hz. Repeat the 


same after setting the [FREQUENCY RANGE} to [x0.1]. 


3.3.7.2 Output level test 
Specification: From +5 +1 dBm to -30 dBm or less 


(For 600 Я resistive load) 


BODO пя я Е mm 
E AUS as [995559 | 
| T 
БЫ. ос оо = 99 
гаова 


Обо о ВОО o @сот@® 


[AF OSC OUTPUT] 
(rear panel) 


AF level meter 


(1) Connect an AF level meter to the [OUTPUT] connector of the 
[AF 050] located on the rear panel of this apparatus as shown 


in Fig. 3-21.  Terminate the input to the AF level meter in 


(2) The controls of this apparatus may be at any positions, but 
note that the setting of the [AF OSCILLATOR 50 ~ 2999 Hz] must 
be between 50 and 2999 Hz. 


(3) Turn the [LEVEL] knob of the [AF OSC] located on the rear panel 


of this apparatus fully clockwise. Then, read the output level 
on the AF level meter and verify that it is within +5 +1 dBm. 
(4) Turn the [LEVEL] knob fully counterclockwise. Read the output 


level and verify that it is -30 dBm or less. 
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3.3.8.1 
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Frequency Counter 


Frequency accuracy test* 
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Specification: Within +(0.1 x 10 + 1 count) 
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-22 Frequency accuracy test 


Connect a RF signal generator to the [EXT INPUT] connector of 
e о 
frequency counter от this apparatus as shown in Fig. 3-22. 


Set the controls of this apparatus as follows: 


Test item [OUTPUT (REAR)] of [TRANSMITTER TEST] 
[INPUT SELECT] switch [EXT], [50 ~ 520 MHz] 

[RESOLUTION] switch "(10 m/10/100 На) 

Other controls Any position 


Set the freqeuncy of the RF signal generator to 100 MHz and the 


output level to O dBm (0.225 V rms). 


(4) Count the frequency with the frequency counter of this apparatus 
and verify that the counter reading is within the following range: 


100.0001 MHz 99.9999 MHz 


NOTE 


Prepare a RF signal generator with a frequency accuracy of 


0.01 x 107% or less. 
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3.3.8.2 Input level sensitivity test* 


(1) 


(2) 


(3) 


(4) 


Specification: 20 mV rms or less 
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Fig. 3-23 Input level sensitivity test 


Connect a RF signal generator to the [EXT INPUT] .connector of 


frequency counter of this apparatus as shown in Fig. 3-23. 


Set the controls of this apparatus as follows: 


Test item [OUTPUT (REAR)] of [TRANSMITTER TEST] 
[INPUT SELECT} switch (EXT], [50 ~ 520 MHz] 

[RESOLUTION] switch [10 m/10/100 Hz] 

Other controls Any position 


Verify that the frequency counter operate with a level of 20 mV 
rms ог iess at Frequency in the range of 50 to 520 MHz. 

Next, set the [INPUT SELECT] switch to [10 Hz ~ 50 MHz] and 
verify that the frequency counter operate with a level of 20 ту 
rms or less at frequency in the range of 10 Hz to 50 MHz. 


Use of a RF signal generator or AF oscillator by measuring fre- 


quency range. 
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CALIBRATION 


.1 INTRODUCTION 


This section describes how to calibrate and adjust the apprartus. 


‘Besides when calibration becomes necessary, this apparatus should be 


calibrated at least once a year, preferably every six months. Before 

calibrating the apparatus as described in this section, conduct the per- 
formance test by using the procedures set forth in SECTION 3 and clarify 
the purpose ae ane calibration or adjustment. Also, it must be made sure 


that the error involved is not attributable to an external cause. 


.2 CONSTRUCTION OF APPARATUS (HOW TO REMOVE COVERS) 


Before calibration or adjustment of the apparatus, its top and 
bottom covers must be removed as follows: 
(1) Remove the four each of + screws that hold the top cover and the 
bottom cover. 
(2) To remove the screws, use a driver fitting them so as not to damage 
their driver receiving grooves. 
(3) When the screws are removed, each of the top and bottom covers can 
be lifted off. 
À disassembly drawing of the cabinet is shown in Fig. 4-1. 
The top view of the apparatus with the top cover removed 


is shown in Fig. 4-2 and the bottom view without the bottom cover 


is shown in Fig. 4-3. 


NOTE 


Fig. 4-1 shows how to remove all covers, but do not remove 


other than the top and bottom covers. 


Fig. 


top cover 


top cover 


2 


rear panel 
Remove the four each of + screws 


bottom cover 


Fig. 4-3 Восгош view of apparatus without bottom cover 
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4.3 CALIBRATION 
If, as a result of the performance test conducted as described 
in SECTION 3, the apparatus is found not satisfying the performance 


specifications, calibrate or adjust it using the procedures set forth 


| in this subsection. If the calibration or adjustment to be carried 
| 


| 
| 
| 
| 


out is not covered by this subsection, contact your local dealer since 


such calibration or adjustment must be done at the factory. 
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4.3.1 Calibration for Reference Frequency Accuracy 


Calibration setup 


[10MHz OUTPUT] 
(rear panel) 


The controls of the apparatus 
may be at any positions 


000 9000 
Ду 


10MHz frequency standard 


Fig. 4-4 Setup for calibration for reference frequency accuracy 


Calibration procedure 


(1) Warm up the apparatus for at least two hours in a room with 


constant temperature (25°С +2°С). 

(2) Connect the cord leading from the oscilloscope to the [10 MHz 
OUTPUT] connector located on the rear panel.of this apparatus. 
Apply a 10 MHz reference frequency signal to the vertical 
axis of the oscilloscope. 

(3) Connect a 10 MHz frequency reference with an accuracy of 


*0.01 x 1077 со the external trigger connector. 


(4) Properly adjust the waveform amplitude on the screen by 
adjusting the sweep time of the oscilloscope. 

(5) Set the trigger switch of the oscilloscope to [EXT TRIG 
(external trigzer)]. 

(6) If the frequency of the reference oscillator of this арра- 
ratus 15 not equal to the standard frequency, the waveform 
moves toward either side on the screen without being syn- 


chronized. : 


When, for example, the waveform shown оп the screen 


moves left by a period portion per second, the reference 
frequency is 1 Hz higher (40.1 x 10 f) than the standard 
frequency. If the waveform moves right by a period por- 


tion in ten seconds, the reference frequency is 0.1 Hz 


lower (-0.01 x 1079) than the standard frequency. 


“~ 
M 


~ 


By turning the OSCI frequency adjuster in the circuit board 


Ce. 


unit 17 (PRE-100231), slow down the waveform movement on the 
Screen so that a movement of a period portion takes a second 


or more. 


The location of adjuster is shown in Fig. 4-5. 


Adjuster for fine frequency 
‚ ^ adjustment 
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Fig. 4-5 Location of adjuster on P17 (PRE-100231) for calibration 
of the reference frequency of the synthesizer 
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.3.2 RF Signal Generator 


4.3.2.1 Calibration of the output level meter of signal generator 


Calibration setup 


4-6 Setup for calibration of the output level 
meter of signal generator 


Calibration procedure 


(1) 


(2) 


(3) 
(4) 


As test item, sec [AF INPUT LEVEL] (2) by pressing che 
fv] or fA] button Qu 

Turn the [OUTPUT LEVEL dBu] switch (3) to the left and 
set the output level to [80] by truning the dial fully 
clockwise. 

Set the [MOD SELECT] (4) co [ОРЕ]. 

Connect а RF level meter to the [RF INPUT/OUTPUT 50 Q 


MAX. 25 М1 (5). 


(5) 


(6) 


(7) 


Set the [RF FREQUENCY 25 ~ 520 MHz] switch (6) to 
[250.0000] MHz by pressing the frequency setting button 
EE 

Bring the output level of this apparatus indicated on 
the RF level meter to 80 dB by adjusting the [+] ~ 

10 dBu] knob (7). 

Bring the indication of the output level meter (8) to 
[0 dBu] by adjusting RV2 on circuit board unit P7 (PRE- 


200544). The location of RV2 is shown in Fig. 4-7. 


7 Location of adjuster on P7 (PRE-200544) for calibration of 
the output level meter of the signal generator 
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4.3.2.2 Calibration of the deviation meter of signal generator 
(1) Calibration using FM linear detector 


Calibration setup 


р [52070009] 000 0000) 2000) 


ооооро оооорО 


Fig. 4-8 Setup for calibration of the deviation meter 
of signal generator 


Calibration procedure 

(1) As test irem, set ТАҒ INPUT LEVEL] (2) ру pressing the 
ЕНЕЛЕР ТУ 
tv] or 1А] burton (1). 


(2) бег the [DEVIATION kHz] range switch (3) со [5]. 


(3) Set the [MOD SELECT] switch (4) to the [OFF] position. 
(4) Connect an ?M linear detector Eid (ВЕ INPUT/OUTPUT 

50 Я MAX. 25 W] (5) and set the deviation measuring range 
| | of the 7M linear Чесессог to [5 ~ 10 kHz]. 
(5) Set che (RF FREQUENCY 25 ~ 320 MHz] (6) co [250.0000] and 


the [OUTPUT LEVEL dBu] dial (7) to [80], respectively. 


(6) Set the [MOD SELECT] switch (4) to [1 кнг]. 


shown in 


1 со be adjusted is 


RV 


е location of the 


T 
in 


detector to [5 kHz] by adjusting the [1 kHz OR EXT] knob (B). 
4-9. 


Bring the indication of the deviation meter (9) to 5 MHz 


by adjusting ВУЈ of circuit board unit P5 (PRE-100230). 


Bring the deviation meter indication of the FM linear 


Fig. 


(7) 
(8) 
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for calibration о 


the deviation meter оі signal generator 
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Adjuster for deviation meter calibration 
-9 Location of adjuster 


4 


Fig. 


(2) Calibration using frequency spectrum anal ууа: 
For the theory of calibration, refer |0 4,3.3 "Calibra- 
tion of the Deviation Meter of FM Linear Реге рот! in which the 


theory of and procedure for deviation meter calibracion for ЕМ 


L 


signal generator are discussed. 


Calibration setup 


Spectrum analyzer 


Fig. 4-10 Setup for calibratión of the deviation meter of 
Signal generator (by use of spectrum analyzer) 


| Calibration procedure 

(1) Аз test item, set [AF INPUT LEVEL] (2) by pressing che fyi 
or nm button (1). 

(2) Set the [DEVIATION kHz] range switch (3) to [5]. 


(3) Set the [MOD SELECT] switch (4) to [INT]. 
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БУ 


27, 


(4) Turn the [1 kHz OR EXT] knob G) fully counterclockwise 
and leave it there. 

(5) Set the [FREQUENCY RANGE] switch (6) to [х1] and the [AF 
OSCILLATOR 50 ~ 2999 Hz] (7) со [906]. 

(6) Set the [RF FREQUENCY 25 ~ 520 MHz] to [250.0000] and 
the [OUTPUT LEVEL dBu] dial (9) to [80]. 

(7) Connect a spectrum analyzer to the [RF INPUT/OUTPUT 50 0 
MAX. 25 W] 49 and bring the 250 MHz signal to the center 
of the screen as illustrated in Fig. 4-11. 

At this time, set the sweep width of the spectrum 

analyzer to 1 ^% 2 kHz/DIV. and IF width of the spectrum 
analyzer to 100 Hz or less. 


а 


Carrier only (when по modulation 
is carried out) 


(8) Gradually turn the [1 kHz OR EXT] knob (5) clockwise. 
The carrier (250.0000 MHz) will once disappear from the 
screen and it will then come up again. Keeping on turn- 
ing the knob will cause the carrier to disappear again. 
Stop turning the knob when the carrier has disappeared 


for the second time. 


(9) In that state in which the carrier has disappeard for the 
second time, bring the indication of the deviation meter 
ay со [5 kHz] by adjusting ЕУІ on circuit board unit P5 


(PRE-100230). (See Fig. 4-9.) 


Keep turning the knob (5) slowly 
clockwise until the carrier comes 
to the zero level (40 dB or more 
lower than the carrier level 
without any modulation being 
carried out) twice. 
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NOTE 
To attain a calibration accuracy of +1% or less, not 


only the modulation frequency accuracy must be kept at 


+1% or less, but the residual level after carrier dis- 


appearance must be 40 dB or more lower than the carrier 


level without any modulation being performed. 


(3) Theory of calibration for deviation accuracy 
The FM wave can be expressed by an equation of the rela- 
tionship in which the carrier and side band amplitude varies as 


the с1аѕ5-1 Bessel function of the n-th degree that is determined 
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depending оп the modulation index. 
The modulation index, modulation frequency and frequency 


deviation are related as follows: 


А . : Freauency deviation 
Modulation index = -ЕЗЗЧеПСУ deviation, 


Modulation frequency 


Frequency deviation = Modulation index x Modulation frequency 


When the modulation index and the modulation frequency 
are known, accurate calibration for deviation indication can be 
carried out. 

The modulation index can be determined, after the modula- 
tion frequency is accurately counted with a frequency counter, 
by using a spectrum analyzer as described in the following. 

The amplitude variation of the FM carrier and the modula- 
tion index are related as shown in Fig. 4-13. As shown, the car- 
rier amplitude becomes zero when the modulation index is 2.4048, 
5.5201, 8.6537, 11.7951, ....., Therefore, when the carrier amp- 
litude being shown on a spectrum analyzer becomes zero, the modu- 
lation index is one of 2.4048, 5.5201, d 

For calibration, first count the modulation frequency of 
the FM signal generator. Next, observing the RF output with the 
spectrum analyzer, bring the carrier amplitude to zero by adjust- 
ing the frequency deviation. When the carrier amplitude becomes 
zero for the first time by having the frequency deviation gradual- 
ly varied from the unmodulated state, the modulation index is 


2.4048. When it becomes zero for the second time, the modulation 


index is 5.5201. Then, calibrate the deviation meter by utiliz- 
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ing the equation expressing the relationships among the modula- 
tion index, frequency deviation and modulation frequency. Typical 


Typical calibration data are listed in Table 4-1. 


Carrier amplitude 


Modulation index 


1 2 3 4 5 6 7 8 9 10 11 12 13 


Fig. 4-13 Relationship between frequency modulation 
index and carrier amplitude 


Table 4-1 


Frequency Modulation Number of times of 
deviation frequency carrier amplitude 
kHz becoming zero 


К 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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4.3.3 Calibration of ВЕ Wattmeter 


Calibration setup 


RF power SG or 


radio equipment RF power meter 


mare | (Standard): 


C3 
O | | | 


С каве; 


uw paur 


С) 


Fig. 4-14 Setup for RF wartmerer calibration 


Calibration procedure 

(1) Ав test item, set [AF LEVEL SET] (2) by pressing the Чч ок 
fal button Q. 

(2) Set the [RF POWER W] (3) to range [1.5]. 

(3) Bring the indication of the RF wattmeter (5) .to zero, 
without any срна] connected to the {RF INPUT/OUTPUT 
50 0 МАХ. 25 и] OF by adjusting 2V4 on circuit board 
unit P12 (PRE-901945). 

(4) Adjust the RF output power of the RF signal generator or 
radio equipment to be 1.5 W ру using che standard КЕ 


wattmeter for measurement. 


(5) Disconnect the RF output connection cord of the RF signal 
generator or radio equipment from the standard RF wattmeter 
and connect it to the [RF INPUT/OUTPUT 50 2 МАХ. 25 w] (4). 
(6) Bring the indication of the RF wattmeter G) to the full scale 
point by adjusting RV5 on circuit board unit P12 (PRE-901945). 
(7) Adjust the RF output power of the RF Signal generator or radio 
equipment to be 7.5 W. 
(8) Set the [RF POWER 4] (3) to range [7.5]. 
(9) Connect the RF output connection córd of the RF signal generator 
or radio equipment to the [RF INPUT/OUTPUT 50 Q MAX. 25 W] (4). 
(10) Bring the indication of the RF wattmeter (5) to the full scale 
point by adjusting RV6 on circuit board unit P12 (PRE-901945). 


(11) Repeat the calibration procedure for different range settings, 


[15] and [30], respectively, of the [RF POWER W] (3). 
For adjustment in the above ranges, use Ri 


circuit board unit PRE-901945, respectively. 


Remarks: Circuit board unit P12 (PRE-901945) is located at the 


bottom center of the apparatus. Its component layout 


is shown in Fig. 4-15. 


Adjust to bring meter indication 
to zero without signal input. 


7.5W 
Range 


1.5М 
range 


Adjuster for 
all range 


15W. 
range 


30W range 
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4-15 Component layout оп P12 (PRE-901945) 
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4.3.4 Calibration of the Deviation Meter of FM Linear Detector 


Calibration Setup 


Warm нива 
D MI TN ni 
i i| 
Жа D 
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10890) o о o |005 000 


be Т 
OUTPUT 
(rear, panel) 


олоо 6 


Fig. 4-16 Setup for calibration of the deviacion meter 


Calibration procedure 
(1) Ав test item, set [AF LEVEL SET] (2) by pressing the 
fa] button D . 


(2) Set the [DEVIATION kHz] range switch (3) со [5]. 


Е 


от 


(3) Connect an ЕМ signal with its deviation verified со the CRF 
INPUT/OUTPUT 50 2 MAX. 25 ы] (4). (Methods of FM signal 
generator calibration for deviation accuracy were already 


described in the foregoing.) 


~o 


(4) 


(6) 


Set the [RF FREQUENCY 25 ^ 520 MHz] (5) to the same frequency 


as that of the input signal by pressing the frequency setting 


switch [+] от [-]. 

The red [FM DEMO OPERATION] lamp (6) lights to indicate that 
the FM linear detector is working. 

The pointer of the deviation meter (7) Swings. Bring the 
meter indication to be the same as the verified output value 
of the FM signal generator by adjusting RV1 on circuit board 
unit РЈО (PRE-200395). 


The component layout on P10 (PRE-200395) is shown in 
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4.3.5 Calibration of AF Level Meter 


Calibration setup 
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Fig. 4-18 Secup for calibration of AF level meter 


Caiibration procedure 


P 


(1) Аз test item, set [AF INPUT LEVEL] by pressing |7! or 


ҮА] butcon D. 


(2) Without anything connected to the [INPUT] terminal of the 


© 


{AF LEVEL METER] G), make sure that the AF level meter 


reads [0] оп the percentage-scaie. ТЕ the reading is not 


| [0], make it [0] by adjusting %У9 on circuit board unit 
212 (PRE-901945). 


(3) Set the impedance switch [AF LEVEL METER] (3) со [600 0] 


and connect a AF oscillator to the [INPUT] terminal. 


MM 


(4) 


(5) 
(6) 


Set the output frequency and output level of the AF osci]- 
lator to 1,000 Hz and 0 dBm (0.775 V rms) respectively. 

Set the AF level meter range switch (4) со (0 dBm]. 

Bring the indication of the AF level meter (5) to the 0 dBm 
(full scale) point by adjusting RV2 on circuit board unit 
Р12 (PRE-901945). 


The component layout on P12 (PRE-901945) is shown in 
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Adjust to bring the meter indication Adjust to bring the meter indication 
to the full scale for an input of 0 dBm. to zero with no signal input. 


Fig. 4-19 Component layout on P12 (PRE-901945) 


4.4 DISCONNECTING INTERNAL CONNECTIONS AND REMOVING HIGH FREQUENCY UNITS 
Of the internal connections of this apparatus, the coaxial cord 


connections are shown in Fig. 4-20 and Fig 


g. 4-21. 
The high frequency circuits are cased in castings for wave leakage 

prevention. Their test and adjustment must, in principle, be conducted 

at the factory. Particularly, refrain from attempting to adjust high 


frequency coils, since improper adjustment can cause their characteristic 


to deteriorate. . 


БА 
~ 


Should it become necessary to inspect a high frequency unit, han- 
dle it with adequate care. 


To remove a high frequency unit, proceed as follows referring to 


+ f 
Fig. 4-22. 


(1) Disconnect the coaxial cords connected to the high frequency unit 


to be removed and its vicinity. 
(2) Remove the two screws that hold the high frequency unit. 
(3) The bottom part of each high frequency unit is made in a mother 


board structure having printed circuit board connectors for con- 


venience for power supplies, etc. When removing a high frequency 
unit, lift it straight up. 

To reinstall the unit, fit the guide holes of the unit to the 
guide pins projecting from the chassis and push the unit straight down 
taking care so that the printed circuit board connectors attached to the 
unit are inserted smoothly. Then, fasten the unit with two screws and 


re-connect the coaxial cords. 
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Internal connections (top view) 
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(Coaxial cords) 


Fig. 4-20 
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Guide pin for reinstalling unit onto chassis 
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4-22 Removing high frequency units (casting case) 


et 


Disconnect the coaxial cords connected to the unit to be 
removed and its vicinity. 

Remove the two screws that hold the specific unit to the 
chassis. 

Lift the unit straight up taking care not to damage the 
printed circuit board connectors attached to che bottom of 


of the unit. 
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SECTION 5 


CIRCUITS 


The block diagram of this apparatus is shown in Fig. 5-1. 
Figures 5-2-1/18 through 5-2-18/18 are schematic diagrams. 
The functions of the test item selection switches and relay 


circuits are shown in Table 5-1. 


NOTE 


In calibration, do not adjust other than the adjusters (semi-fixed 


resistances, condensers, etc.) mentioned in SECTION 4, as otherwise, 
deterioration of characteristics of the apparatus can be caused. 
Should calibration not covered by SECTION 4 become necessary, contact 


your local dealer. 
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Table 5-1 Function and Relay's Operations 
Operations | 
Functions 
| 
| и ЕЛ B iu m 
Circuit No. | | 
D б) PL39 2139 ET [e128 (13) | | 
АЗ | BS | 39 | a4 | 34 | | 
Pin No. of P20-J3 | B12 | A11 | 811 | А15 | A10 | 817 | A16 | 816 | А17 
OUTPUT (REAR) | О 
RF FREQUENCY (AF) | C | | | О (S 
О SENSITIVITY | Ще | | | e 5) 
AF LEVEL SET | | 10 | | | HE NE (9 
DISTORTION | | О | | | О | © 
| sin [. 40 MEN © © 
TX MOD FREQUENCY | | О | | | С | (9 
| AF INPUT LEVEL | | О | 9 | Q 
AF LEVEL SET | | О | 950 | 
DISTORTION | | 9 | 
S/N | О | | 
SET | О | | 
MEASURE | 
foe ЕКЕ ЕЛ ЕСТІСІ ADAE алан 
| MEASURE | | С | ОО | | 
С: +12у L : Low level of TTL level H : High level of TTL level 
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ANDO ELECTRIC CO., LTD. 
19-7, Kamata 4-chome, Ota-ku, Tokyo, 144 Japan 
Phone: (03) 733-1151/ Telex: 246-6425 
Cable Addréss: ANDELEC TOKYO 


